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Abstract 
This paper present numerically the tube 
response subjects to oblique loading. 
According to literature survey, there have 
amount of work on axial loading. 
However, have of work on oblique loading 
is available. However, have of work on 
oblique loading is available. Therefore, 
this work present the numerical studies on 
the crushing behaviour of empty tube were 
subjected oblique loading. The finite 
element program ANSYSILS-DYNA was 
applied to use in tube crush oblique 
simulation. There are two important 
parameters used which are tube, geometry 
and loading oblique. According to the 
present result, crashworthiness aspect 
increased when elliptical tube geometry is 
introduced. However, when loading 
oblique's are increase, the crashworthiness 
value decrease. 
Keywords: energy absorption, Ansys 
1s-Dyna, crashworthiness. 
Introduction 
The energy absorption was already 
discussed in several research articles over 
the past years. A lot of the scientific 
articles deal with the behaviour of tubes 
under axial loading conditions. In 2004, 
Zeng [I]  simulated the crushing behaviour 
of composite tubes faced to axial loadings 
using LS-DYNA. Mahdi et al. [2] did the 
development of the experimental data 
concerning the "energy absorption 
capability of laterally loaded segmented 
composite tubes". Furthermore, Huang et 
al. [3] also did numerical study on hybrid 
tubes subjected to static and dynamic 
loading to axial loading. As a continuation 
of former mentioned work this study deals 
with the simulation of the crushing 
behaviour of empty tube were subjected 
oblique loading. 
Experimental Method 
The study was conducted by using the 
ANSYS Ls-Dyna software, the study 
carried out by performing a validation 
made through the present results of Huang 
et al. [3]. Study continued to make 
changes to the angle of the load at an angle 
0°, 5", lo0, 15', 20°, 25' and makes 
geometry eclipse on bare tube. 
Length of the bare tube is 170 mm with 
diameter 29.5 and 1 mm of thickness. 
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Test method 
XRD 
The purpose of this analysis is to 
characterize silica structure. XRD Bruker 
D8 Advance was used to conduct the 
analysis. 
Tensile 
Tensile properties were determined as per 
ASTM D4 12. Universal Testing Machine 
(UTM), Shimadzu AG-1 10kn was used to 
conduct the testing. 
Fracture Surface Analysis 
Tensile fracture surface were analyzed by 
using SEM and AFM. JEOL JSM-6380LA 
was used to conduct SEM and AFM 
conducted via Park Systems XE100. 
Result and   is cuss ion 
EDS Analysis 
EDS analysis revealed the presence of 
Si02 in the fabricated PDMS filled silica 
panel. 
Tensile Properties 
Tensile properties of PDMSICS 
composites were conducted as per ASTM 
D412. Four types of materials were 
fabricated were; PDMS/OWT%CS, 
PDMS/2WT%CS7 PDMS/GWT%CS, and 
PDMS/lOWT%CS. The results show 
depicted that the tensile strength of PDMS 
at 4.64MPa had increased to 4.80 MPa 
with addition of filler in PDMS/2wt%CS. 
Fig. 1 shows the tensile strength of PDMS 
composites. 
Fracture Characteristics 
Fracture analysis conducted through SEM 
and AFM shows that the main causes of 
crack propagation were filler 
agglomeration and voids. The voids and 
agglomerations were found to increase 
with the content of fillers. However the 
good bonding between PDMS and silica 
were achieved at 2wt% crystalline silica 
addition. 
Conclusions 
PDMS filled with crystalline silica were 
fabricated successfully. PDMS/2wt%CS 
had shows good matrix-filler bonding 
through SEM and AFM observations. 
Furthermore, crystalline silica effectively 
plays its role as filler by increased 4.3% of 
the PDMS tensile strength with 2wt% 
addition. 
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